Abstract Original Research
IntroductIon
Hyperhomocysteinemia (hHcy) is a serious cardiovascular risk factor that occurs due to pharmacological or genetic causes. [1, 2] Impaired endothelial function induced by hHcy is a significant cause of morbidity and mortality. Many studies have investigated how to prevent impairment of endothelial function induced by hHcy using vitamins and pharmaceutical agents.
The association between hHcy and cardiovascular diseases was first described by McCully in 1969. McCully observed widespread arterial thrombosis and atherosclerosis. [3, 4] A prospective study by Page et al. [5] that carried out among women reported that hHcy was an independent risk factor for myocardial infarction.
Healthy endothelial cells detoxify Hcy through the production of nitric oxide (NO). During Hcy metabolism, Hcy combines with adenosine to form S-adenosylhomocysteine while decreasing the adenosine concentration. The decrease in adenosine plasma levels will result in vascular damage. [4, 6] Asymmetric dimethylarginine (ADMA) is the endogen inhibitor of the eNOs. Hcy is the most prominent factor that increases the level of ADMA. [7, 8] Long-term exposure to ADMA produces hypertensive damage in target organs and accelerates atherogenesis. [9] High ADMA level increased the risk of acute coronary events by 3.9-fold. [10] Nebivolol is a third-generation, highly selective β1 blocker that promotes vasodilatation through increasing NO in the L-arginine-NO pathway. [11, 12] Moreover, unlike other beta-blockers, nebivolol increases the NO level by activating eNOs, as it has an agonistic effect on β3 receptors. [13] To prevent hHcy and its harmful effects, Vitamin B12, Vitamin C, Vitamin E, and folic acid have been used in trials with some success. [14] [15] [16] [17] [18] The present study was, therefore, conducted to investigate the use of nebivolol for the prevention of hHcy and its harmful effects.
Methods
The study included 28 adult male Wistar albino rats weighed between 250 and 450 g that were obtained from the local University Experimental Animals Laboratory. The rats were randomly divided into four groups of equal number (n = 7), and housed in wired cages for 1 month under 12-h circadian rhythm conditions at 22°C -24°C. All the groups were fed standard rat silage and urban drinking water ad libitum. The study protocol was approved by the local University Laboratory Animals Ethics Committee. This study was supported by the local University Scientific Research Projects Unit.
Experimental model
1. The control group (n = 7): no medication was administered for 4 weeks. The rats received 1 mL of drinking water od through orogastric gavage to experience the stress of the gavage method. 2. Nebivolol group (n = 7): the rats received nebivolol 10 mg/kg/day od through orogastric gavage for 4 weeks 3. Met h ion i ne g roup (n = 7): the rats received methionine (M9625 Sigma-Aldrich L-Methionine reagent grade, ≥98% [thin layer chromatography [TLC]) 1 mg/kg/day od through orogastric gavage for 4 weeks 4. Methionine + nebivolol (n = 7): the rates received methionine 1 g/kg/day + nebivolol 10 mg/kg/day od through orogastric gavage for 4 weeks. Nebivolol was administered 2 h after the administration of methionine.
Body weight was measured at baseline, and then every week for the adjustment of drug dosage. To achieve hHcy, L-methionine (M9625 Sigma-Aldrich L-Methionine reagent grade, ≥98% [TLC]) was dissolved in phosphate-buffered saline (PBS), pH 7.4, and was given to rats as 1 g/kg/day through oral gavage for 4 weeks. Nebivolol was obtained by crushing 5 mg nexivol (Abdi İbrahim) tablets and dissolving in 10% dimethyl sulfoxide and was given as 10 mg/kg/day through oral gavage for 4 weeks. After 4 weeks, the rats were sacrificed under ether anesthesia, and blood samples were drawn into hemogram tubes with EDTA and standard biochemical tubes. Subsequently, hearts were dissected and immersed in 10% formaldehyde solution for histochemical examination. Blood samples were centrifuged at 4000 rpm at +4°C for 10 min and then stored at − 80°C. Serum was used for the analysis of ADMA, Hcy, malondialdehyde (MDA), NO, catalase (CAT), superoxide dismutase (SOD), and glutathione (GSH), whereas plasma was used for the analysis of glutathione peroxidase (GPx) and glutathione reductase (GR).
Biochemical examination
ADMA (ng/mL) (USCN Life Science Inc., catalog no: E91301Ge) and Hcy (µmol/L) (Cusabio, catalog no. CSB-E13376r) levels were detected through the ELISA method using commercial kits. CAT (U/g) was measured through the ELISA method using a CAT assay kit (Cayman, catalog no. 7070002, USA). GR activity (U/g) was measured through ELISA using a GR assay kit (Cayman, catalog no. 703202, USA). GPx (U/g) was measured through the ELISA method using a GPx assay kit (Cayman, catalog no. 703102, USA). GSH was measured through the ELISA method using a GSH assay kit (Cayman, catalog no. 703002, USA). SOD was measured according to Sun et al. [19] The method is based on the reduction of nitroblue tetrazolium through xanthine-xanthine oxidase, which is the producer of superoxide. SOD activity is expressed as U/mg of serum protein. The level of serum protein was determined using the biuret method and an Abbott Architect C 8000 Autoanalyzer (Abbott, Abbott Park, IL, USA). MDA was measured using the Esterbauer method and a lipid peroxidation measurement method. [20] MDA, which reacts with thiobarbituric acid at 90°C -95°C, produces a pink chromogen. After 15 min, the absorbance of the samples that were chilled quickly was read at 532 nm, and the results expressed as nmol/mL.
Pathological examination
Paraffin blocks were prepared from heart tissue samples. Sections 4-µm thick were cut using a microtome. The sections were deparaffinized and collected on glass slides. After staining with H and E (Gul Biology Laboratory, dye for connective and supportive tissue of animals, catalog no. 5089, Istanbul, Turkey), the slides were examined under a light microscope. All samples were evaluated by blinded pathologist. For heart tissue evaluation, myocyte damage was semiquantitatively scored with respect to necrosis, myocyte cell swelling, and detection of fibrosis, according to the scale shown below.
The scoring system scale as follows:
No change (+):
Slight change (++):
Moderate change (+++): Severe change.
Statistical analysis
Statistical analysis was performed by using the Statistical Package for the Social Sciences (SPSS) version 14.0 for Windows (SPSS, Inc., Chicago. IL, USA). The groups were compared inter se and with the control group. The Kolmogorov-Smirnov test was used to assess the compliance of the quantitative values to a normal distribution. Single-direction variance analysis was used to compare normally distributed quantitative data between groups, and Tukey's honestly significant difference or Dunnett's T3 test was used for multiple comparisons between groups, according to the Levene homogeneity test's statistics. Descriptive statistics are shown as mean ± standard deviation. The Kruskal-Wallis variance analysis was used to compare data not distributed normally between the groups. Descriptive statistics are shown as median (25 th -75 th percentile). The level of statistical significance was set at P < 0.05.
results

Biochemical findings
Oxidants diagram was showed in Figure 1 . The antioxidants diagram was shown in Figures 2 and 3 . hHcy was more severe in the methionine group than in the other three groups (P < 0.001). The Hcy level was significantly lower in the methionine + nebivolol group than in the methionine group (13.2 ± 2.1 vs. 35.6 ± 7.6 µmol/L) (P < 0.001).
The plasma ADMA level was significantly higher in the methionine group than in the other groups (P < 0.001). In addition, the ADMA level was significantly lower in the methionine + nebivolol group than in the methionine group (113.2 ± 16.0 vs. 225.7 ± 42.2 ng/mL) (P < 0.001).
The plasma CAT level was significantly lower in the methionine group than in the other groups (P < 0.001) and was significantly higher in the methionine + nebivolol group than in the methionine group (36.0 ± 3.5 vs. 23.7 ± 6.1 U/g) (P = 0.006). In addition, the CAT level was higher in the nebivolol group than in the methionine + nebivolol group (36.0 ± 3.5 vs. 49.0 ± 5.7 U/g) (P = 0.003).
The GSH level was significantly lower in the methionine group than in the other groups (P < 0.001) and was significantly higher in the methionine + nebivolol group than in the methionine group (1.0 ± 0.1 vs. 0.4 ± 0.1 µmol/L) (P < 0.001). In addition, the GSH level was lower in the methionine + nebivolol group than in the control group (1.0 ± 0.1 vs. 1.4 ± 0.3 µmol/L) (P = 0.03).
The plasma GPx level was significantly lower in the methionine group than in the other groups (P < 0.001) and was significantly higher in the methionine + nebivolol group than in the methionine group (213.20 ± 32.55 vs. 122.54 ± 11.56 U/g) (P = 0.001). In addition, the GPx level was lower in the methionine + nebivolol group than in the control group (213.20 ± 32.55 vs. 424.13 ± 38.43 U/g) (P < 0.001).
The plasma MDA level was significantly higher in the methionine group than in the other groups (P < 0.001) and was significantly lower in the methionine + nebivolol group than in the methionine group (2.18 ± 0.21 nmol/mL vs. 3.02 ± 0.29 nmol/mL) (P < 0.001). In addition, the MDA level was higher in the methionine + nebivolol group than in the control group (2.18 ± 0.21 nmol/mL vs. 1.80 ± 0.10 nmol/mL) (P = 0.015).
The plasma GR level was significantly lower in the methionine group than in the other groups (P < 0.001). In addition, the GR level was lower in the methionine + nebivolol group than in the control group but not significantly (184.56 vs. 273.86 U/g) (P = 0.081).
The plasma SOD level was significantly lower in the methionine group than in the other groups (P = 0.001). In addition, the SOD level was higher in the methionine + nebivolol group than in the control group but not significantly (1.45 U/mg of protein vs. 1.34 U/mg of protein) (P = 1). Moreover, the SOD level was lower in the methionine + nebivolol group than in the control group (1.34 U/mg of protein vs. 1.85 U/mg of protein) (P = 0.007).
Pathological finding
Cardiomyocyte degeneration was significantly more severe in the methionine group than in the other groups (P = 0.01) [ Figures 4 and 5]. Cardiomyocyte degeneration was less severe in the methionine + nebivolol group than in the control group but not significantly (1.4 ± 0.5 vs. 1.8 ± 1.0 degeneration) (P = 1).
dIscussIon
The present study showed that impaired endothelial function resulted from short-term hHcy could be prevented through the administration of nebivolol. In addition, the administration of nebivolol od 2 h after oral administration of methionine was observed to prevent an increase in the Hcy level. Different data such as tissue oxidant levels from these studies subgroups were published before. In our previous study, GSH, CAT, MDA, and SOD activities in the tissues were determined. The luminal cross-sectional area (LCSA), total cross-sectional area (TCSA), and intima-media thickness (IMT) were measured in the thoracic aorta. Nebivolol treatment decreased high MDA levels in the brain, heart, and liver tissues. The level of GSH was higher in the heart, brain, and kidney tissues of the nebivolol + hHcy group. The activity of CAT increased only in the kidney tissue of the nebivolol + hHcy group, and the activity of SOD was increased in all the tissues in this group. However, serum levels did not measure, and heart tissue did not investigate. Increased IMT and TCSA in the nebivolol + hHcy group were significantly decreased after nebivolol administration. The LCSA was higher in the hHcy group than the control group. [21] In this study, according to the present biochemical findings, concomitant administration of nebivolol + methionine can prevent impaired endothelial function induced by short-term hHcy. In the present study, cardiomyocyte degeneration was more severe in the methionine group based on histopathological findings.
L-methionine was administered at 1 g/kg/day, as reported by Cao et al. [22, 23] In the present study, nebivolol was administered at 10 mg/kg/day, as the efficiency and safety of this dose are well known. [24, 25] In the difference between groups, hHcy was statistically significant (P < 0.001). The Hcy level in methionine + nebivolol group significantly lower than in the methionine group (P = 0.001), which indicates that the administration of nebivolol 2 h after the administration of methionine can prevent an increase in the Hcy level.
Nebivolol increases NO through the activation of eNOs and its β3-receptor agonistic effect, which is distinct from other beta-blockers. [13] Nebivolol increases total antioxidant capacity. In the present study, the highest ADMA level was observed in the methionine group, which had a high Hcy level. The ADMA level was 123.8 ± 28.5 ng/mL in the control group versus 225.7 ± 42.2 ng/mL in the methionine group, and the difference was statistically significant (P < 0.001).
An elevated ADMA level is an indicator of impaired endothelial function. In addition, the ADMA level can be used for the prediction of cardiovascular morbidity and mortality. The impaired endothelial function is indicative of the early stage of atherosclerosis. [26] Zoccali et al. [27] reported that a 2-mmol/L increase in the plasma ADMA level increases the risk of cardiovascular disease by 37%. In a study by Valkonen et al., [10] it was observed that an increase in the ADMA was associated with a 3.9-fold increase in the risk of acute coronary events. In earlier studies, Vitamin B12, Vitamin C, Vitamin E, and folic acid were used to prevent hHcy and these pathologies, and partial success has been achieved. [14] [15] [16] [17] [18] A decrease in ADMA decreases oxidative stress and cellular damage; thus, protein breakdown is prevented and protein synthesis continues. When there is a need for cysteine Hcy is converted to cystathionine with cystathionine beta-synthase through the transsulfuration pathway and is subsequently hydrolyzed to cysteine and excreted in urine or used in protein synthesis. [2] Hcy is metabolized through remethylation and transsulfuration. When remethylation reactions are saturated or there is a need for cysteine Hcy is hydrolyzed to cysteine through the transsulfuration pathway. [2] Cysteine is a rate-limiting substrate; specifically, Hcy breakdowns to form cysteine and an increase in the serum Hcy level is inhibited. Cysteine formed through transsulfuration of Hcy is used for GSH synthesis; therefore, nebivolol might inhibit an increase in Hcy through these physiologic pathways and others yet to be discerned. The metabolism of ADMA and Hcy shares common pathways. Hcy destabilizes the structure of proteins and increases proteolysis by increasing oxidative stress. [28] On the other hand, the enzyme dimethylarginine dimethylaminohydrolase metabolizes ADMA. Hcy also inhibits this enzyme's activity and causes an increase in the ADMA concentration. [28] Although the methionine + nebivolol group received methionine, the administration of nebivolol the same day might have inhibited an increase in the ADMA level, which might have been due to the lack of increase in the Hcy level. Nebivolol can prevent methionine-induced elevation of ADMA between the methionine group and the methionine + nebivolol group (P < 0.001). There was a positive correlation between oxidative stress and the CAT activity. Wyse et al. [18] reported that Hcy administration reduced CAT activity in rats. CAT activity was significantly lower in the methionine group than in the methionine + nebivolol group (P = 0.006). Even though the methionine + nebivolol group received methionine, the concomitant administration of nebivolol prevented a decrease in the CAT activity. Similar to our study, Dimitrova et al. [29] reported that the myocardial GSH level was reduced significantly in rats that received Hcy. In the present study, the GSH level was significantly lower in the methionine group than in the other groups, which might indicate that oxidative stress was induced by hHcy in the methionine group. The significant difference in the GSH level was between the present study's methionine group and methionine + nebivolol group (P < 0.001).
A significant difference in GPx levels was observed between methionine group and control group (P < 0.001) similar to Gilad's study. [30] The significant difference in the GPx level between the methionine group and the methionine + nebivolol group (P = 0.001), which might have been associated with the difference in the Hcy level between two groups and the positive effects of nebivolol on total antioxidant capacity.
An elevated MDA level can be considered an indicator of cell damage and lipid peroxidation. [31, 32] Yüce and Aksakal [33] examined the effect of Vitamin E in hyperhomocysteinemic rats and reported that the MDA level was higher in hyperhomocysteinemic rats. Similarly, in the present study, the MDA level was significantly higher in the methionine group than in the control group, which might have been an indicator of oxidative stress caused by an elevated Hcy level. Moreover, the MDA level was significantly higher in the methionine group than in the methionine + nebivolol group (P < 0.001). The present findings may show that the administration of nebivolol, the same day as the administration of methionine significantly inhibited an increase in the MDA level. Furthermore, in the present study, the GR level was significantly lower in the methionine group than in the control group (P < 0.001).
Yamamoto et al. [34] observed that Hcy reduced the efficiency of SOD and damaged endothelial heparan sulfate proteoglycan and decrease the defensive ability of endothelial cells against free radicals. In the present study, the SOD level was significantly lower in the methionine group than in the control group (P = 0.001), which might have been due to elevated oxidative stress secondary to a high Hcy level.
Zivkovic et al. dissected rat hearts and perfused with Hcy in an organ bath, and showed that the left ventricle functions were destroyed. [35] They suggested that the mechanism of action was the toxic effect of the increase in total oxidative capacity induced by impaired endothelium function and suppressed NO bioactivity that resulted from an elevated Hcy level. There was a significant difference in cardiomyocyte degeneration between the methionine group and control group (P = 0.01). hHcy might be caused cardiomyocyte cell degeneration. Chen et al. [36] observed a reduction in systolic function in rats with hHcy, and an increased in the size of cardiomyocytes and an increase in intracellular fibrosis in rat heart pathological sections. Although maximum cardiomyocyte degeneration was noted in the methionine group, we could not show any significant protection with nebivolol administration.
The present study's limitations are having a small study population, and time was restricted for 4-week duration. Larger scale and longer durations are required to more clearly observe histopathological and biochemical changes.
Study limitations
To generalize these results and obtain significant histopathological findings, more clinical studies of longer duration and larger scale are necessary to generalize the present findings.
conclusIon
The present findings show that the impairment of endothelial function induced by short-term hHcy can be prevented by the administration of nebivolol. In addition, the administration of nebivolol 2 h after administration of methionine was observed to prevent an increase in the Hcy levels. The present study observes that impaired endothelial function due to short-term hHcy can be prevented by the concomitant administration of nebivolol.
